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Clinical PerspectiveWhat Is New?The optimal initial noninvasive diagnostic testing strategy for stable coronary artery disease is unknown.Population‐based real‐world data comparing outcomes related to different initial strategies are scarce.There is disagreement between American and European guidelines with regard to the optimal initial strategy.Our population‐based retrospective cohort study of adults in Ontario, Canada (approximate population: 10.1 million), found no significant differences in either yield of obstructive coronary artery disease or downstream major adverse cardiovascular events in patients undergoing an initial noninvasive testing strategy with stress or anatomical imaging compared with those undergoing an initial simple exercise stress test.What Are the Clinical Implications?Our results do not support the routine initial use of stress imaging or coronary computed tomography angiography in the workup of stable coronary artery disease.These findings highlight the need for future research to explore the reasons for the discrepancy between our real‐world findings and those of clinical efficacy studies.

Introduction {#jah32328-sec-0008}
============

There are currently 4 cardiac noninvasive diagnostic tests for identifying coronary artery disease (CAD) that are clinically available and reimbursed in Ontario, Canada: graded exercise stress test (GXT), myocardial perfusion imaging (MPI), coronary computed tomography angiography (CCTA), and stress echocardiography (stress echo). There is disagreement between American and European guidelines with respect to which test should be initially used for the evaluation of patients with stable CAD (SCAD). Although the American guidelines recommend GXT as the first‐line test when it is possible to perform, the European guidelines suggest that stress imaging tests or CCTA may be a preferable initial approach in certain patient groups.[1](#jah32328-bib-0001){ref-type="ref"}, [2](#jah32328-bib-0002){ref-type="ref"}, [3](#jah32328-bib-0003){ref-type="ref"} Furthermore, although many studies have assessed the clinical efficacy of these tests in selected populations, none have assessed the comparative clinical effectiveness of these modalities in a head‐to‐head fashion in a population‐based study. With healthcare budgets rising sharply in many high‐income countries and with cardiac diagnostic testing and medical imaging contributing substantively to these costs, the assessment of comparative clinical effectiveness is important to assess the real‐world impact of these modalities.[4](#jah32328-bib-0004){ref-type="ref"}, [5](#jah32328-bib-0005){ref-type="ref"}, [6](#jah32328-bib-0006){ref-type="ref"}, [7](#jah32328-bib-0007){ref-type="ref"}

The ideal outcome measure to assess the clinical effectiveness of cardiac noninvasive diagnostic tests is not currently established. The yield of obstructive CAD based on downstream invasive angiography has recently been used as an outcome measure in studies designed to assess the clinical effectiveness of noninvasive cardiac diagnostic tests.[8](#jah32328-bib-0008){ref-type="ref"}, [9](#jah32328-bib-0009){ref-type="ref"}, [10](#jah32328-bib-0010){ref-type="ref"} Recent registry data suggest that only ≈38% of those referred for invasive angiography in the United States for the diagnosis of SCAD had obstructive CAD on invasive angiography.[11](#jah32328-bib-0011){ref-type="ref"}, [12](#jah32328-bib-0012){ref-type="ref"} Consequently, understanding the relationship between the initial noninvasive cardiac diagnostic tests and subsequent downstream yield of obstructive CAD may provide insight as to which noninvasive test to use, thereby reducing unnecessary invasive angiograms and the resultant complications. The objective of this study was to determine whether a diagnostic strategy with an initial MPI, stress echo, or CCTA was independently predictive of a higher yield of obstructive CAD compared with GXT, after adjusting for clinically relevant covariates. To provide another metric of effectiveness, we also assessed a composite end point of major adverse cardiac events (MACE). Based on studies showing greater clinical efficacy, we hypothesized that a strategy with initial MPI, stress echo, or CCTA would lead to a higher yield of obstructive CAD compared with a strategy using initial GXT.

Methods {#jah32328-sec-0009}
=======

Design {#jah32328-sec-0010}
------

We conducted a retrospective cohort study of patients undergoing an initial test in the calendar year 2012.

Derivation of the Cohort {#jah32328-sec-0011}
------------------------

Patients began entering the cohort on January 1, 2012 (see Figure [1](#jah32328-fig-0001){ref-type="fig"}). Inclusion criteria were age ≥20 years; receipt of 1 GXT, stress echo, CCTA, or MPI; and receipt of invasive angiography for the evaluation of SCAD. The first cardiac noninvasive diagnostic test after January 1, 2012, for each patient was deemed the index event or test. Index tests were identified between January 1, 2012, and December 31, 2012. We used a look‐back window of 20 years (back to January 1, 1992) to exclude patients with prior cardiovascular disease. Previous cardiovascular disease was defined by prior hospitalization for acute myocardial infarction, stroke, congestive heart failure, percutaneous coronary intervention, and coronary artery bypass grafting, using previously validated algorithms.[13](#jah32328-bib-0013){ref-type="ref"}, [14](#jah32328-bib-0014){ref-type="ref"}, [15](#jah32328-bib-0015){ref-type="ref"}, [16](#jah32328-bib-0016){ref-type="ref"}, [17](#jah32328-bib-0017){ref-type="ref"}, [18](#jah32328-bib-0018){ref-type="ref"}, [19](#jah32328-bib-0019){ref-type="ref"} We also used a 1‐year washout period such that patients who had 1 of the 4 noninvasive diagnostic tests during the 2011 calendar year were excluded. After the index event, patients were followed for a maximum of 6 months to identify whether they progressed to invasive angiography. Consequently, the observation window for invasive angiography was from January 1, 2012, to June 30, 2013, to provide a full 6 months of follow‐up for the last potential person entering the cohort on December 31, 2012. Furthermore, patients were followed for a maximum of 2 years after their invasive angiogram (until June 30, 2015) to ascertain MACE.

![Schematic representation of the design of the cohort study. This figure demonstrates the design of our study and outlines the observation window, follow‐up period, and look‐back window for our study. CAD indicates coronary artery disease; MACE, major adverse cardiovascular events.](JAH3-6-e005462-g001){#jah32328-fig-0001}

Data Sources {#jah32328-sec-0012}
------------

Information to identify patient receipt of cardiac noninvasive diagnostic CAD tests was obtained through medical claims data from the Ontario Health Insurance Plan (OHIP) physician claims database during the calendar year 2012. The OHIP physician claims database contains all physician reimbursement claims for GXTs, CCTAs, MPIs, and stress echos performed in Ontario. Physician specialty was determined by linking the OHIP database with the Institute for Clinical Evaluative Sciences (ICES) physician database. The Registered Persons Database (RPDB), a registry of Ontario residents who are registered for Ontario health insurance coverage, was used to obtain demographic information and all‐cause mortality. Median neighborhood income was obtained by linking the Census Area Profile with patients' postal codes of residence from RPDB using the Postal Code Conversion File. Hospitalizations, including those for unstable angina and acute myocardial infarction, were determined using the Canadian Institutes for Health Information Discharge Abstract Database. The Cardiac Care Network (CCN) of Ontario Cardiac Registry was used to determine receipt of angiography, obstructive CAD status on angiography, and patient clinical covariate status. The CCN Cardiac Registry is an ongoing prospective registry storing clinical information on all invasive cardiac procedures in Ontario and has been used extensively in clinical research.[20](#jah32328-bib-0020){ref-type="ref"}, [21](#jah32328-bib-0021){ref-type="ref"}, [22](#jah32328-bib-0022){ref-type="ref"}, [23](#jah32328-bib-0023){ref-type="ref"} The registry contains detailed demographic, comorbidity, and procedural details, including coronary anatomy, that have been validated against chart abstraction and core laboratory verification.[24](#jah32328-bib-0024){ref-type="ref"}, [25](#jah32328-bib-0025){ref-type="ref"} All data were accessed and analyzed at ICES in Toronto, Canada. ICES has been deemed a prescribed entity by the government of Ontario. This status allows it to collect personal information without the need for informed consent; therefore, approved projects using ICES data, such as this one, are exempt from the requirement of informed consent.

Exposure {#jah32328-sec-0013}
--------

The exposure was the receipt of 1 of the 4 index noninvasive tests.

Outcomes {#jah32328-sec-0014}
--------

In those patients who underwent angiography for the assessment of SCAD, we determined whether their angiogram showed obstructive CAD, our primary outcome of interest. Obstructive CAD on angiography was defined as stenosis of ≥50% of the left main coronary artery or ≥70% of a major epicardial or branch vessel, according to CCN data in a manner previously described and validated.[25](#jah32328-bib-0025){ref-type="ref"}, [26](#jah32328-bib-0026){ref-type="ref"} Furthermore, as a secondary outcome, patients were followed after their invasive angiogram for the development of MACE, defined as a composite end point of all‐cause mortality and hospitalization for acute myocardial infarction or unstable angina.

Covariates {#jah32328-sec-0015}
----------

Covariates for inclusion in multivariable models were selected a priori based on clinical importance. Increasing age, male sex, diabetes mellitus, dyslipidemia, hypertension, lower income status, increased serum creatinine, and smoking are all cardiovascular risk factors associated with a higher risk of developing obstructive CAD.[27](#jah32328-bib-0027){ref-type="ref"}, [28](#jah32328-bib-0028){ref-type="ref"}, [29](#jah32328-bib-0029){ref-type="ref"}, [30](#jah32328-bib-0030){ref-type="ref"}, [31](#jah32328-bib-0031){ref-type="ref"}, [32](#jah32328-bib-0032){ref-type="ref"}, [33](#jah32328-bib-0033){ref-type="ref"}, [34](#jah32328-bib-0034){ref-type="ref"}, [35](#jah32328-bib-0035){ref-type="ref"}, [36](#jah32328-bib-0036){ref-type="ref"}, [37](#jah32328-bib-0037){ref-type="ref"} Presence of chronic obstructive pulmonary disease, peripheral vascular disease, and a Charlson comorbidity index score are all measures of comorbidity that may affect a clinician\'s decision‐making process with respect to choosing a suitable initial diagnostic test.[38](#jah32328-bib-0038){ref-type="ref"} Resting ECG abnormalities and Canadian Cardiovascular Society (CCS) angina symptoms are other important factors that may influence the decision regarding the optimal initial diagnostic test.[2](#jah32328-bib-0002){ref-type="ref"}, [38](#jah32328-bib-0038){ref-type="ref"}, [39](#jah32328-bib-0039){ref-type="ref"} Furthermore, each patient\'s risk was categorized as low (\<10%), intermediate (10--20%), or high (\>20%) based on a modified Framingham risk score, as described previously.[11](#jah32328-bib-0011){ref-type="ref"}, [40](#jah32328-bib-0040){ref-type="ref"} We used the demographic information in Table [1](#jah32328-tbl-0001){ref-type="table-wrap"} to calculate this score. Each patient was assigned a total score based on the sum of scores for sex‐based age, dyslipidemia, hypertension, smoking, and diabetes mellitus.

###### 

Characteristics of Patients Who Underwent Angiography for Evaluation of SCAD by Index Cardiac Noninvasive Test

                                          CCTA (n=113)   GXT (n=6742)   MPI (n=6877)   Stress Echo (n=1735)   Total (N=15 467)   *P* Value
  --------------------------------------- -------------- -------------- -------------- ---------------------- ------------------ -----------
  Age, y, mean±SD                         62.8±9.8       61.4±10.5      64.6±10.9      63.1±10.7              63.0±10.8          \<0.001
  Serum creatinine, μmol/L, mean±SD       78.1±18.6      83.2±48.7      94.1±102.9     83.7±59.6              88.2±79.2          \<0.001
  Diabetes mellitus (%)                   39 (34.5)      1981 (29.4)    2672 (38.9)    513 (29.6)             5205 (33.7)        \<0.001
  Dyslipidemia (%)                        77 (68.8)      4309 (65.1)    4898 (71.7)    1136 (67.9)            10 420 (68.4)      \<0.001
  Hypertension (%)                        76 (67.3)      4097 (60.8)    4838 (70.4)    1082 (62.4)            10 093 (65.3)      \<0.001
  Female sex (%)                          49 (43.4)      2415 (35.8)    2822 (41.0)    696 (40.1)             5982 (38.7)        \<0.001
  Charlson score, mean±SD                 0.19±0.53      0.15±0.60      0.27±0.83      0.17±0.70              0.21±0.73          \<0.001
  Smoking (%)                                                                                                                    0.62
   Current                                21 (18.9)      1312 (19.6)    1272 (18.6)    349 (20.4)             2954 (19.2)        
   Former                                 26 (23.4)      1763 (26.3)    1853 (27.1)    451 (26.3)             4093 (26.6)        
   Never                                  64 (57.7)      3536 (52.8)    3646 (53.2)    890 (52.0)             8136 (52.9)        
  ST‐segment changes at rest on ECG (%)   7 (6.2)        697 (10.3)     822 (12.0)     179 (10.3)             1705 (11.0)        \<0.001
  CCS symptom scale, stable angina (%)                                                                                           \<0.001
   0                                      23 (20.4)      1100 (16.3)    1588 (23.1)    441 (25.4)             3152 (20.4)        
   1                                      18 (15.9)      1286 (19.1)    1325 (19.3)    292 (16.8)             2921 (18.9)        
   2                                      42 (37.2)      2866 (42.5)    2587 (37.6)    695 (40.1)             6190 (40.0)        
   3 or 4                                 32 (28.3)      1490 (22.1)    1377 (20.0)    307 (17.7)             3204 (20.5)        
  Income quintile (%)                                                                                                            \<0.001
   1                                      15 (13.4)      1130 (16.8)    1255 (18.3)    354 (20.4)             2754 (17.9)        
   2                                      18 (16.1)      1359 (20.2)    1479 (21.6)    324 (18.7)             3180 (20.6)        
   3                                      24 (21.4)      1497 (22.3)    1435 (20.9)    337 (19.5)             3293 (21.4)        
   4                                      26 (23.2)      1370 (20.4)    1386 (20.2)    354 (20.4)             3136 (20.3)        
   5                                      19 (25.9)      1363 (20.3)    1302 (19.0)    363 (21.0)             3057 (19.8)        
  Framingham risk category (%)                                                                                                   0.03
   High                                   30 (26.6)      2076 (30.8)    2248 (32.7)    506 (29.2)             4860 (31.4)        
   Intermediate                           59 (52.2)      3198 (47.4)    3140 (45.7)    816 (47.0)             7213 (46.7)        
   Low                                    24 (21.2)      1468 (21.7)    1489 (21.7)    413 (23.8)             3394 (21.9)        

CCS indicates Canadian Cardiovascular Society; CCTA, coronary computed tomography angiography; GXT, graded exercise stress test; MPI, myocardial perfusion imaging study; SCAD, stable coronary artery disease; stress echo, stress echocardiogram.

Statistical Analysis {#jah32328-sec-0016}
--------------------

### Descriptive statistics {#jah32328-sec-0017}

Characteristics of patients who underwent angiography for the evaluation of SCAD were compared with the different initial testing strategies using the χ^2^ test for categorical variables and analysis of variance for continuous variables.

### Logistic regression analyses {#jah32328-sec-0018}

#### Unadjusted analyses {#jah32328-sec-0019}

Unadjusted analyses were performed using logistic regression models to assess the relationship of the index cardiac noninvasive tests with downstream obstructive CAD in those patients who underwent invasive angiography for the evaluation of SCAD. GXT was considered the reference test.

#### Adjusted analyses {#jah32328-sec-0020}

We performed multivariable logistic regression analyses to examine the association between the index noninvasive cardiac diagnostic tests and downstream obstructive CAD in those patients who underwent angiography for the evaluation of SCAD, controlling for the clinical covariates listed earlier. Before performing the logistic regression analyses, all predictor variables were assessed for the presence of multicollinearity. We concluded that there was no significant multicollinearity among the predictor variables included in the models based on the fact that none of the variables had a variance inflation factor \>4 or tolerance \<0.25. Subsequently, subgroup analyses were performed for those at high, intermediate, and low modified Framingham risk scores.

#### Time‐to‐event analyses for MACE {#jah32328-sec-0021}

We compared time to event (development of MACE) using Kaplan--Meier survival curves estimated for each of the 4 noninvasive test groups. These were compared across the 4 test groups using the log‐rank test. Subsequently, we utilized a Cox proportional hazards model to adjust for clinical covariates. We obtained direct adjusted or marginal survival curves by noninvasive test group using previously described methods.[41](#jah32328-bib-0041){ref-type="ref"}, [42](#jah32328-bib-0042){ref-type="ref"} We subsequently performed subgroup analyses for those at high, intermediate, and low modified Framingham risk scores.

A 2‐tailed value of *P*\<0.05 was considered statistically significant. Analyses were performed with SAS version 9.3. This study was approved by the research ethics board at Sunnybrook Health Sciences Center.

Results {#jah32328-sec-0022}
=======

Cohort Creation {#jah32328-sec-0023}
---------------

In 2012 in Ontario, 464 647 patients aged ≥20 years had GXT, MPI, stress echo, or CCTA. Of these, 45 711 were excluded for having 1 of the 4 cardiac noninvasive diagnostic tests in the preceding 12 months. An additional 69 443 patients were excluded for having a previous diagnosis of cardiovascular disease in the preceding 20 years. Of the remaining 349 493 patients, a total of 18 819 underwent subsequent invasive angiography. The final cohort consisted of 15 467 patients who underwent invasive angiography for the indication of SCAD (see Figure [2](#jah32328-fig-0002){ref-type="fig"}).

![Derivation of the study cohort. The number of excluded patients is shown, as is the reason for their exclusion. Furthermore, the number of patients who ultimately underwent invasive angiography for the diagnosis of stable coronary artery disease is displayed. CCTA indicates coronary computed tomography angiography; CVD, cardiovascular disease; GXT, graded exercise stress test; MPI, myocardial perfusion imaging; stress echo, stress echocardiogram.](JAH3-6-e005462-g002){#jah32328-fig-0002}

Progression to Angiography Among Patients With Various Initial Noninvasive Tests {#jah32328-sec-0024}
--------------------------------------------------------------------------------

Of the 349 493 patients who had a noninvasive cardiac diagnostic test in 2012 in Ontario, 1748 patients underwent initial CCTA, 175 900 underwent initial GXT, 128 622 underwent initial MPI, and 43 223 underwent initial stress echo. Within our observation period, 113 (6.5%) of those with initial CCTA versus 6877 (5.3%) with initial MPI, 1735 (4.0%) with initial stress echo, and 6742 (3.8%) with initial GXT received invasive angiography for the diagnosis of SCAD (*P*\<0.001).

Characteristics of Patients Undergoing Angiography for the Evaluation of SCAD {#jah32328-sec-0025}
-----------------------------------------------------------------------------

Table [1](#jah32328-tbl-0001){ref-type="table-wrap"} displays the characteristics of patients who underwent an initial noninvasive test and subsequent angiography in our cohort. Those patients who underwent an index MPI were, on average, the oldest (mean age: 64.6±10.9 versus 63.1±10.7 years for those with an index stress echo, 62.8±9.8 years for those with an index CCTA, and 61.4±10.5 for those with an index GXT; *P*\<0.001). They also had the highest mean serum creatinine levels and were more likely to have diabetes mellitus, dyslipidemia, and hypertension (*P*\<0.001). Patients with an index MPI also had a higher mean Charlson comorbidity index score. Finally, those with an index MPI had a higher proportion of patients classified as high risk according to the modified Framingham risk score (32.7% versus 30.8% for GXT, 29.2% for stress echo, and 26.6% for CCTA; *P*=0.03). Patients with an index CCTA were more likely both to be female and to have CCS class 3 to 4 angina symptoms. Those patients with an index CCTA were significantly more likely to reside in the top 20% of the Ontario\'s wealthiest neighborhoods.

### Coronary anatomy {#jah32328-sec-0026}

Table [2](#jah32328-tbl-0002){ref-type="table-wrap"} summarizes the coronary anatomy of our patients at the time of angiography. Patients with an initial CCTA were significantly more likely to have left main disease on angiography (defined as luminal stenosis \>50%). In contrast, there was no significant difference among the 4 initial testing strategies in 2‐ or 3‐vessel disease or in the rates of left anterior descending, right coronary artery, or circumflex stenosis.

###### 

Coronary Anatomy of the Study Patients at the Time of Invasive Angiography

  Anatomical Distribution of Significant Coronary Stenoses, n (%)   CCTA        GXT           MPI           Stress Echo   Total         *P* Value
  ----------------------------------------------------------------- ----------- ------------- ------------- ------------- ------------- -----------
  Left anterior descending                                          40 (36.4)   2167 (32.8)   2219 (32.8)   546 (32.1)    4972 (32.7)   0.793
  Circumflex                                                        21 (19.1)   1537 (23.2)   1635 (24.2)   384 (22.5)    3577 (23.6)   0.261
  Right coronary artery                                             28 (25.5)   1737 (26.3)   1821 (26.9)   423 (24.8)    4009 (26.4)   0.357
  Left main artery                                                  13 (11.8)   380 (5.7)     354 (5.2)     77 (4.5)      824 (5.4)     0.004
  2‐vessel disease                                                  10 (9.1)    937 (14.2)    965 (14.3)    227 (13.3)    2139 (14.1)   0.346
  3‐vessel disease                                                  11 (10.0)   707 (10.7)    774 (11.4)    185 (10.9)    1677 (11.0)   0.545

CCTA indicates coronary computed tomography angiography; GXT, graded exercise stress test (GXT); MPI, myocardial perfusion imaging; stress echo, stress echocardiography.

Missing Data {#jah32328-sec-0027}
------------

Of the 15 467 patients in our cohort, 13 062 were ultimately utilized in our statistical models; therefore, 2405 patients were deleted because of incomplete variable records. When stratified according to risk, 3013 of 3529 high‐risk patients (516 deleted because of missing data), 5970 of 7105 intermediate‐risk patients (1135 deleted because of missing data), and 4079 of 4833 low‐risk patients (754 deleted because of incomplete data) were used in our models.

Yield of Obstructive CAD {#jah32328-sec-0028}
------------------------

Of those patients with an index CCTA, 54% had obstructive CAD on subsequent angiography compared with 47% with an index GXT and MPI and 45% with an index stress echo (*P*=0.18). On unadjusted analyses, patients undergoing an initial diagnostic strategy with MPI (odds ratio \[OR\]: 0.97; 95% confidence interval \[CI\], 0.91--1.04), CCTA (OR: 1.31; 95% CI, 0.89--1.92), or stress echo (OR: 0.92; 95% CI, 0.82--1.02) did not have statistically significantly different odds of having obstructive CAD compared with those whose initial diagnostic test was a GXT. This relative relationship persisted in the fully adjusted model. Patients undergoing initial MPI (OR: 0.92; 95% CI, 0.85--1.00), CCTA (OR: 1.51; 95% CI, 0.91--2.49), or stress echo (OR: 0.95; 95% CI, 0.84--1.08) did not have statistically significantly different odds of having obstructive CAD compared with those whose initial test was a GXT, after adjusting for clinically relevant covariates (see Table [3](#jah32328-tbl-0003){ref-type="table-wrap"} and Figure [3](#jah32328-fig-0003){ref-type="fig"}).

###### 

Unadjusted and Adjusted Logistic Regression Models for the Outcome of Obstructive CAD in Patients Who Underwent Angiography for the Assessment of Stable CAD

                                             Odds Ratio (95% CI)\*   *P* Value
  ------------------------------------------ ----------------------- -----------
  Coronary computed tomography angiography                           
   Unadjusted                                1.31 (0.89--1.92)       0.17
   Fully adjusted                            1.51 (0.91--2.49)       0.11
  Myocardial perfusion imaging                                       
   Unadjusted                                0.97 (0.91--1.04)       0.42
   Fully adjusted                            0.92 (0.85--1.00)       0.05
  Stress echocardiogram                                              
   Unadjusted                                0.92 (0.82--1.02)       0.11
   Fully adjusted                            0.95 (0.84--1.08)       0.44

CAD indicates coronary artery disease.

\* Graded exercise stress test as comparator.

![Yield of obstructive coronary artery disease (CAD) among the different index cardiac noninvasive diagnostic testing strategies. Multivariable model displaying the odds ratios and 95% confidence intervals of the yield of obstructive CAD among the different index cardiac noninvasive diagnostic tests in patients who underwent invasive angiography for the assessment of stable CAD (GXT is the reference test). Adjusted for age, sex, presence of diabetes mellitus, dyslipidemia, hypertension, income quintile, resting ECG abnormalities, Charlson comorbidity index score, serum creatinine, smoking history, Canadian Cardiovascular Society class angina symptom scale, chronic obstructive pulmonary disease, peripheral vascular disease, and modified Framingham risk score. CCTA indicates coronary computed tomography angiography; CI, confidence interval; GXT, graded exercise stress test; MPI, myocardial perfusion imaging; OR, odds ratio; stress echo, stress echocardiogram.](JAH3-6-e005462-g003){#jah32328-fig-0003}

### Subgroup analyses {#jah32328-sec-0029}

Figure [4](#jah32328-fig-0004){ref-type="fig"} displays the yield of obstructive CAD, stratified according to low‐, intermediate‐, and high‐risk patients. In the low‐risk subgroup, those with an initial CCTA were more likely to have obstructive CAD on subsequent angiography (OR: 2.22; 95% CI, 1.03--4.82). There was no statistically significant difference between those with initial MPI (OR: 0.98; 95% CI, 0.85--1.14), or stress echo (OR: 0.99; 95% CI, 0.79--1.24) compared with those who had an initial GXT. In the intermediate‐risk subgroup, there was no statistically significant difference between those with initial MPI (OR: 0.88; 95% CI, 0.78--1.00), CCTA (OR: 1.09; 95% CI, 0.50--2.38), and stress echo (OR: 0.97; 95% CI, 0.80--1.18) compared with those with an initial GXT. Finally, in the high‐risk subgroup, there was no statistically significant difference between any of the tests in terms of yield of obstructive CAD on subsequent angiography (initial CCTA \[OR: 1.21; 95% CI, 0.37--3.99\], MPI \[OR: 0.89; 95% CI, 0.75--1.06\], stress echo \[OR: 0.84; 95% CI, 0.64--1.09\]).

![Yield of obstructive coronary artery disease (CAD) among the different index cardiac noninvasive diagnostic testing strategies stratified according to low, intermediate, and high modified Framingham risk. Multivariable model displaying the odds ratios and 95% confidence intervals of the yield of obstructive CAD among the different index cardiac noninvasive diagnostic tests in patients who underwent invasive angiography for the assessment of stable CAD (GXT is the reference test). Adjusted for age, sex, presence of diabetes mellitus, dyslipidemia, hypertension, income quintile, resting ECG abnormalities, Charlson comorbidity index score, serum creatinine, smoking history, Canadian Cardiovascular Society class angina symptom scale, chronic obstructive pulmonary disease, peripheral vascular disease, and modified Framingham risk score. CCTA indicates coronary computed tomography angiography; CI, confidence interval; GXT, graded exercise stress test; MPI, myocardial perfusion imaging; OR, odds ratio; stress echo, stress echocardiogram.](JAH3-6-e005462-g004){#jah32328-fig-0004}

Major Adverse Cardiac Events {#jah32328-sec-0030}
----------------------------

Patients were followed for a mean time of 1.89 years (SD: 0.42 year) after coronary angiography. Overall, 833 (5.4%) developed the composite end point during the follow‐up period. This included 9 patients with initial CCTA (7.9%), 358 with initial GXT (5.3%), 395 with initial MPI (5.7%), and 71 with initial stress echo (4.1%).

In the unadjusted model, those undergoing angiography with an index CCTA or MPI had a higher risk of developing the composite outcome than those with an initial GXT or stress echo (log‐rank *P*=0.03); however, after adjustment for clinical covariates, there was no significant difference in MACE among the 4 initial testing strategies (see Figure [5](#jah32328-fig-0005){ref-type="fig"}). In the adjusted stratified analysis, those in the low‐risk subgroup with an initial CCTA had a borderline significant increased risk of developing the composite outcome, whereas those with an initial MPI or stress echo had no significant difference in terms of risk of developing the composite outcome compared with those who had an initial GXT. There were no significant differences in terms of risk of developing the composite outcome between the initial testing strategies in the intermediate‐ and low‐risk subgroups after adjustment for relevant clinical covariates (see Figure [6](#jah32328-fig-0006){ref-type="fig"}).

![Adjusted Kaplan--Meier estimates of the composite end point of all‐cause mortality, acute myocardial infarction, and unstable angina. Adjusted for age, sex, presence of diabetes mellitus, dyslipidemia, hypertension, income quintile, resting ECG abnormalities, Charlson comorbidity index score, serum creatinine, smoking history, Canadian Cardiovascular Society class angina symptom scale, chronic obstructive pulmonary disease, peripheral vascular disease, and modified Framingham risk score. Number of patients at risk at 6‐month intervals is provided for each test below the main figure. CCTA indicates coronary computed tomography angiography; CI, confidence interval; GXT, graded exercise stress test; MPI, myocardial perfusion imaging; stress echo, stress echocardiogram.](JAH3-6-e005462-g005){#jah32328-fig-0005}

![Adjusted Kaplan--Meier estimates of the composite end point of all‐cause mortality, acute myocardial infarction, and unstable angina stratified according to low, intermediate, and high Framingham risk. Clinical covariates included in the model were adjusted for age, sex, presence of diabetes mellitus, dyslipidemia, hypertension, income quintile, resting ECG abnormalities, Charlson comorbidity index score, serum creatinine, smoking history, Canadian Cardiovascular Society class angina symptom scale, chronic obstructive pulmonary disease, and peripheral vascular disease. Number of patients at risk at 6‐month intervals is provided for each test below the main figure. CCTA indicates coronary computed tomography angiography; CI, confidence interval; GXT, graded exercise stress test; MPI, myocardial perfusion imaging; stress echo, stress echocardiogram.](JAH3-6-e005462-g006){#jah32328-fig-0006}

Discussion {#jah32328-sec-0031}
==========

The most common initial noninvasive test in our cohort was MPI. The prevalence of most major cardiovascular risk factors was higher in those with initial MPI compared with patients whose initial test was CCTA, stress echo, or GXT. Patients whose initial test was MPI tended to have a higher mean Charlson comorbidity index score. They also were more likely to have a higher modified Framingham risk score. Those with an index CCTA were most likely to be female and to have CCS class 3 to 4 symptoms. After adjusting for relevant covariates, patients with an initial testing strategy with MPI, CCTA or stress echo did not have a statistically significant different yield of obstructive CAD compared with patients with an initial testing strategy using a GXT. Furthermore, there was no significant difference in downstream rates of MACE among the 4 initial testing strategies.

Noninvasive Diagnostic Tests to Diagnose CAD {#jah32328-sec-0032}
--------------------------------------------

The optimal strategy to evaluate patients with suspected SCAD is currently uncertain. The recent proliferation of noninvasive cardiac diagnostic testing technology has led to various potential options for the noninvasive diagnosis of CAD. The 2012 Guideline for the Diagnosis and Management of Patients With Stable Ischemic Heart Disease from the American College of Cardiology Foundation and American Heart Association task force on practice guidelines and the American College of Physicians, American Association for Thoracic Surgery, Preventive Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and Society of Thoracic Surgeons recommended GXT as the first‐line test in patients who are able to exercise in the absence of significant ST‐T wave abnormalities.[3](#jah32328-bib-0003){ref-type="ref"} In contrast, the 2013 and 2014 European Society for Cardiology (ESC) guidelines on SCAD and revascularization are more liberal in their recommendations of stress and anatomic imaging as the initial testing strategy. Class 1 recommendations in the ESC documents are conferred to stress imaging when there are baseline ECG abnormalities, when patients are unable to exercise, and when stress imaging is available and there is local expertise. Furthermore, there is a class 1 recommendation for stress imaging for high‐risk patients and a class IIa indication for CCTA in the diagnosis of SCAD.[1](#jah32328-bib-0001){ref-type="ref"}, [2](#jah32328-bib-0002){ref-type="ref"}

Many studies have examined the efficacy of CCTA, GXT, MPI, and stress echo in selected populations[43](#jah32328-bib-0043){ref-type="ref"}, [44](#jah32328-bib-0044){ref-type="ref"}, [45](#jah32328-bib-0045){ref-type="ref"}; however, despite widespread clinical adoption of newer technologies, there have been limited data comparing their relative clinical effectiveness, specifically by comparing their real‐world downstream outcomes.[4](#jah32328-bib-0004){ref-type="ref"}, [5](#jah32328-bib-0005){ref-type="ref"} The lack of a clear demonstration of an effect on outcomes has led to calls for regulation aimed at controlling spending and improving quality.[46](#jah32328-bib-0046){ref-type="ref"}, [47](#jah32328-bib-0047){ref-type="ref"} Little comparative effectiveness research has been published on differing initial noninvasive diagnostic strategies that are currently available to clinicians.

Yield of Obstructive CAD {#jah32328-sec-0033}
------------------------

The optimal end point to assess clinical effectiveness is currently unknown. In recent years, the concept of yield of obstructive CAD has emerged as a surrogate end point designed to assess the clinical effectiveness of cardiac diagnostic tests. Multiple studies have linked obstructive CAD to an increase in mortality.[3](#jah32328-bib-0003){ref-type="ref"}, [48](#jah32328-bib-0048){ref-type="ref"}, [49](#jah32328-bib-0049){ref-type="ref"} Recent registry data reported an obstructive CAD rate of only 37.6% on invasive angiograms of patients being evaluated for SCAD.[11](#jah32328-bib-0011){ref-type="ref"} Given the potential risks associated with invasive angiography, it is important to assess the yield of obstructive CAD related to cardiac noninvasive diagnostic tests. The PROMISE trial reported that although more patients underwent catheterization, there were significantly fewer diagnostic angiograms showing nonobstructive CAD in the anatomic versus the functional groups.[47](#jah32328-bib-0047){ref-type="ref"} The yield of obstructive CAD was 72.1% in the anatomic group versus 47.5% in the functional group (*P*=0.02).[47](#jah32328-bib-0047){ref-type="ref"} Another recent study retrospectively collected data on 209 patients evaluated at chest pain clinics at 2 British hospitals. The first hospital evaluated patients with a strategy of GXT as the first and only cardiac noninvasive diagnostic test. The second used a "cardiac imaging" pathway that involved a combination of coronary artery calcium score, CCTA, MPI, and stress echo. They concluded that the cardiac imaging strategy resulted in fewer invasive angiograms and a higher yield of obstructive CAD.[10](#jah32328-bib-0010){ref-type="ref"} They did not analyze the yield of obstructive CAD among the different testing modalities in the imaging arm.

Major Adverse Cardiac Events {#jah32328-sec-0034}
----------------------------

The relationship between a diagnostic imaging test and downstream "hard" cardiovascular outcomes such as mortality and nonfatal cardiovascular events is complex. Clinical decisions made after the imaging test have a significant impact on the development of such outcomes. Nonetheless, when comparing the clinical effectiveness of different diagnostic testing modalities, a recent position paper recommended examining such outcomes with the recognition that they are a reflection of the strategy and the entire diagnostic/therapeutic pathway initiated by a test rather than a reflection of the efficacy of the test itself with isolation of other downstream factors.[4](#jah32328-bib-0004){ref-type="ref"}

This study, to our knowledge, is the first analysis to directly compare the yield of obstructive CAD and MACE based on strategies of initiation of the diagnostic pathway for SCAD with either a GXT, MPI, stress echo, or CCTA at the level of the entire adult population; therefore, we were able to assess the potential real‐world impact of the initial noninvasive testing strategies in the largest province in Canada (approximate adult population of 10.1 million). Our results indicate that an initial diagnostic strategy with MPI, CCTA, or stress echo did not result in a higher yield of obstructive CAD or differential downstream MACE compared with a GXT. The exception may be in the low‐risk CCTA group, for which our subgroup analysis indicated that those who had an initial CCTA were more likely to have obstructive CAD on downstream angiography compared with those with an initial GXT. This result needs to be interpreted with caution because it was the result of a post hoc subgroup analysis, and the level of statistical significance was borderline (*P*=0.047).

Another important finding in our study was that CCTAs were more likely to be performed in higher income individuals. This phenomenon is similar to trends observed in utilization of other diagnostic tests including magnetic resonance imaging in Ontario.[50](#jah32328-bib-0050){ref-type="ref"}, [51](#jah32328-bib-0051){ref-type="ref"}, [52](#jah32328-bib-0052){ref-type="ref"}, [53](#jah32328-bib-0053){ref-type="ref"} Higher income individuals may be more aware of emerging and new technologies and may be more likely to ask their physicians to order a newer modality such as CCTA.[37](#jah32328-bib-0037){ref-type="ref"}, [51](#jah32328-bib-0051){ref-type="ref"}, [54](#jah32328-bib-0054){ref-type="ref"}

Significance {#jah32328-sec-0035}
------------

We expected that an initial diagnostic strategy with MPI, stress echo, or CCTA would have a significantly higher yield of obstructive CAD compared with a GXT. Our hypothesis was based on clinical efficacy studies showing superior accuracy of the former 3 modalities compared with GXT. Our results failed to support our hypothesis. Instead, our results showed that in a large contemporary real‐world population‐based cohort in Ontario, Canada, an initial noninvasive diagnostic strategy with a CCTA, stress echo, or MPI failed to result in a higher yield of obstructive CAD compared with an initial strategy with a GXT. Furthermore, there was no significant difference in downstream MACE between the different initial testing strategies. Consequently, within the context of the limitations of our study, our results do not support the routine initial use of stress imaging or CCTA in the workup of SCAD. These findings highlight the need for future research to explore the reasons for the discrepancy between our real‐world findings and those of clinical efficacy studies.

Limitations {#jah32328-sec-0036}
-----------

Our study must be interpreted in the context of a number of limitations. First, we had limited access to granular clinical data; for example, we were able to detect whether or not a patient had a noninvasive test, but we did not have access to the result of that test. We assumed that those who were not referred for angiography had negative noninvasive tests. Second, our analysis focused on the yield of obstructive CAD. By its nature, it included only patients who underwent invasive angiography. We did not assess the patients whose diagnostic cascade was appropriately terminated with a negative noninvasive test. Third, our results reflect data from Ontario and may not be generalizable to other jurisdictions. Fourth, our analysis was limited to tests that are currently widely utilized in Ontario. We did not assess other emerging technologies such as stress cardiac magnetic resonance imaging and positron emission tomography nuclear imaging because of the absence of an associated physician billing code and/or limited clinical availability. Fifth, the number of patients who underwent angiography after having an index CCTA was small. Consequently, we were likely underpowered to show a statistically significant difference in yield of obstructive CAD compared with GXT. Finally, although we attempted to adjust for all known relevant confounders, the observational nature of this study raises the possibility of the presence of unknown confounders that may have inadvertently affected our results.

Conclusions {#jah32328-sec-0037}
===========

Our study found no evidence to suggest a higher yield of obstructive CAD with an initial testing strategy with stress imaging or CCTA compared with GXT. Furthermore, we found no evidence of improvements in downstream MACE with either a stress imaging or CCTA initial testing strategy compared with an initial GXT. These real‐world results, therefore, do not provide evidence to support the routine initial use of stress imaging or CCTA in the workup of SCAD.
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